Clonal cell lines from the dermis of a dermatosparaxic calf were grown in tissue culture. After fixation in a mixture of glutaraldehyde and osmium, they were prepared for electron microscopy. Most cells contained a well-developed Golgi region, lysosomes, mitochondria, and dilated cisternae of rough endoplasmic reticulum. They also contained numerous, large bundles of intracellular filaments, many lipid droplets and extensive arrays of vesicles. Cultures accumulated substantial amounts of extracellular fibrillar material. The fibrils were loosely packed and indistinctly cross-banded. Bundles of intracellular filaments were commonly parallel in adjacent cells and also parallel to extracellular fibrils. These cytoplasmic features may result from the inability of the secreted collagen to form normal fibrils.
were grown as previously described [5] in Dulbecco's modified Eagle's medium with 10% calf serum, 80 pg/ml of ascorbic acid and 50 pg/ml of j3-amino proprionitrile, without antibiotics. Cells were subcultured using 0.25% Viokasea in phosphate-buffered saline lacking calcium and magnesium. Cells were subcultured every 3 or 4 days for several months, detached from dishes with Viokase, thoroughly diluted with fresh medium, and plated at a cell density of 1-10 cells per dish. After several weeks, clones were isolated using small glass cylinders, dispersed, and recultured as before. Four clonal lines isolated in this way were examined.
Since cell lines of normal calf fibroblasts were not available to us, we used an established line of mouse 3T6 fibroblasts as control material. These cells have been well characterized [8] and closely resemble in situ fibroblasts. The 3T6 cells were propagated in the same manner as the dermatosparaxic cells.
Electron Microscopy
Dermatosparaxic cells were fixed after 1, 2, 3, and 4 weeks in culture. The 3T6 cells were fixed after 2,4, and 9 days in culture. The 3T6 cells produced confluent cultures much more quickly (2 days) than the dermatosparaxic cells (1 week), and began to detach from the dishes after about 9 days in culture while the dermatosparaxic cell lines remained attached to the dishes for approximately 4 weeks.
After decanting the culture medium, the cell layer in a plastic culture dish was flooded with a mixture of 0.83% glutaraldehyde and 0.66% osmium tetroxide in 0.1 M cacodylate buffer at pH 7.4 [13] . After 5 min, the initial fixative was decanted and replaced with fresh solution. After 30 min, the cell layer was rinsed with two changes of Tyrode's solution and dehydrated through increasing concentrations of ethanol. The third change of 100% ethanol was decanted, the dishes drained and flooded with epon 812. After 10 min, the epon was drained and replaced with fresh resin. After 30 min, the epon was again replaced with fresh resin, and the dishes placed in a 60°C oven for 48 h. A few cultures were fixed with room temperature glutaraldehyde, then in osmium, and embedded as above, to demonstrate the presence of microtubules. The embedded cell layer was broken away from the dish and reembedded to provide support on both surfaces. Sections were cut parallel with and perpendicular to the culture surface with diamond knives on an LKB Ultratome and stained with uranyl acetate and lead citrate. All illustrations were prepared from sections cut parallel to the culture surface. Electron micrographs were prepared with a Hitachi HU-I 1 electron microscope. A few cultures were also fixed in formalin and stained with Gomori's silver impregnation method to demonstrate fibrils or with neutral red to detect neutral lipid.
Results

Cytoplasm of 3T6 Cells
The 3T6 cultures reached confluence in about 2 days, and the number of cell layers continued to increase until they began to detach from the dishes at 9 days. In early confluent cultures, two types of cytoplasm were seen. In one type, presumably in cells still actively growing, the predominant organel- Fig. 1-3 les were free ribosomes and polysomes and mitochondria ( fig. 1 ). These cells also contained occasional bundles of intracellular filaments, lipid droplets, and vesicles. Some of the vesicles were apparently sections through tubules of endoplasmic reticulum, whereas others appeared to be lysosomes. In the other type of cytoplasm, organelles involved in protein synthesis were much more prominent. Dilated cisternae of rough endoplasmic reticulum containing a flocculent or granular material were common. These cells also contained large Golgi regions, many mitochondria, bundles of filaments, small vesicles, and lysosomes ( fig. 2 ).
After 9 days in culture, lipid droplets were seen more frequently, endoplasmic reticulum was more difficult to identify, and the lysosomal granules were more numerous ( fig. 3 ). Vesicles containing a variety of membraneous structures were commonly seen, many of them with incomplete membranes. Cultures stained for lipid and examined in the light microscope showed the presence of randomly distributed lipid granules in most cells.
Extracellular fibrils were sparse in the 3T6 cultures. When present, they showed a cross banding with a periodicity of about 60 nm, and were commonly organized into bundles ( fig. 4) .
Cultures of both 3T6 and dermatosparaxic fibroblasts fixed in glutaraldehyde at room temperature showed a dispersed network of microtubules. This fixative was used only to demonstrate that such tubules were present but were not revealed with the glutaraldehyde-osmium fixative routinely used in this study; their distribution was not further examined.
Cytoplasm of Dermatosparaxic Cells
Dermatosparaxic cell cultures reached confluence in about 1 week. The number of layers of fibroblasts steadily increased until about 4 weeks, when the cultures began to detach from the plastic dishes. At early confluence, the cytoplasm of these cells demonstrated the same organelles as the 3T6 cultures, but the relative numbers of organelles were noticeably different ( fig. 5-7 ). The cells contained a well developed Golgi region, a variety of vesicles of endoplasmic reticulum, lysosomes, mitochondria, and a network of filaments ( fig. 5 ). Many regions of cytoplasm demonstrated extensive arrays of dilated cisternae of rough endoplasmic reticulum, and numerous bundles of microfilaments ( fig. 6 ). In addition, lipid droplets were more commonly seen in these cells than in the 3T6 cultures ( fig. 7 ). The lipid droplets appeared to be crenated, although they were surrounded by cytoplasm as dense as that in other regions. Their centers were more pale than their peripheries. The number of lipid droplets in the dermatosparaxic cells varied systematically with the clonal line; one line contained many, another as few as the 3T6 cells, and two were intermediate. This lipid distribution was confirmed in cultures prepared for light microscopy. By 3 weeks, many of the dermatosparaxic cells showed signs of extensive degeneration, some including large lysosomal (multivesicular) bodies ( fig. 8 ).
The dermatosparaxic cell cultures accumulated substantially more extracellular fibrillar material than did 3T6 cultures. These fibrils were previously shown to be collagenous in nature [5] . They were irregularly arranged, even when they occupied relatively large areas of the culture ( fig. 9 ). It was rarely possible to identify distinct cross-banding in these fibrils ( fig. 10 ). When the distance between bands could be measured, it ranged from 26 to 56 nm. Although these fibrils did not aggregate to form fibers identifiable in the electron microscope, reticular fibrils could be seen in cultures prepared for light microscopy.
Vesicles in Dermatosparaxic Cells
Small vesicles occurred in large numbers and were distributed throughout the cytoplasm. Extensive arrays of such vesicles were frequently seen near, and attached to, the cell membrane. Most of those free within the cytoplasm contained finely granular material, whereas many with lumina continuous Fig. 4 . Extracellular fibrils in a 9-day 3T6 culture. These fibrils are cross-banded with a period of 60 nm, and are organized into a fiber. is visible at the upper right. This cell contains a large Golgi region (G), lysosomes (Ly), mitochondria, lipid droplets (Li), and a network of filaments between the other organelles. Fig. 6 . Cytoplasm of a dermatosparaxic cell after 1 week in culture. Dilated cisternae of rough endoplasmic reticulum (C) and bundles of filaments (F) are apparent. Fig. 7 . Another area of cytoplasm of a dermatosparaxic cell after 1 week in culture. In this region, lipid droplets (Li) are numerous. [8] [9] [10] [11] [12] with the extracellular space contained some peripheral granular material and clear centers ( fig. 11 ). The remarkable numbers of these vesicles was clearly demonstrated in tangential sections through the cell surface where hundreds of vesicle profiles could be seen in a single field ( fig. 12 ).
Fig.
Intracellular Filaments in Dermatosparaxic Cells
In all stages of development of the cells, their cytoplasm contained a dispersed network of randomly arranged filaments ( fig. 13 ). In both young and old cells, other filaments were condensed into bundles, sometimes occupying a substantial amount of the total cytoplasmic volume ( fig. 15 ). Frequently, bundles of filaments appeared to indent the nucleus ( fig. 14) . In sections cut perpendicular to the culture surface, these configurations were seen to result from bundles of filaments lying in shallow grooves in the nuclear surface. Nuclear pores were commonly seen where the concavities of such grooves were sectioned tangentially ( fig. 14) .
Frequent indications were seen of bundles of parallel filaments in adjacent cells ( fig. 16-18 ). This was seen in adjacent cells clearly separated by extracellular space or processes from other cells ( fig. 16 ) and in adjacent cells where the filaments appeared to be aligned end to end in contacting cells ( fig. 17,  18) . It was occasionally possible to interpret micrographs as indicating that bundles of filaments were contiguous with those of another cell ( fig. 17 ).
Another common configuration was one in which the intracellular filaments appeared to abut extracellular fibrils ( fig. 19 ). The cell membranes in these regions were almost always tangentially sectioned, and it was never possible to demonstrate the continuity of filaments through the cell membrane. Fig. 8 . Cytoplasm of a dermatosparaxic cell after 3 weeks in culture. A number of large lysosomes (Ly) are visible. Fig. 9 . An extracellular area between dermatosparaxic cells after 3 weeks in culture. A large number of irregularly arranged fibrils are present. Fig. 10 . A higher magnification of a region similar to that in figure 9 . The extracellular fibrils are interwoven or randomly arranged rather than grouped into fibers. Cross-banding is not evident. A number of vesicles are present. Some (Ve) appear to be continuous with the extracellular space. Others (Vc) are within the cytoplasm. 
Discussion
General Cytoplasmic Features
No distinction will be made here between the structure of fibroblasts in culture and in situ. Review of the literature has shown no systematic differences between the fine structure of these cell types.
Lipid droplets in fibroblasts have been described in several locations [l, 7,21,27,28], including 3T3 sublines that accumulate striking quantities [9] . Lipid droplets have been shown to be more numerous in fibroblasts in scorbutic animals than in normal, control guinea pigs [27] . It is possible that the more numerous lipid droplets in some of the dermatosparaxic cell lines indicate a higher vitamin C requirement for these cells than for other dermatosparaxic cell lines or for the 3T6 cells.
Cilia were occasionally seen in 3T6 fibroblasts, but never convincingly demonstrated in the dermatosparaxic cells. Cilia on fibroblasts were apparently first described by Ross and BENDITT [29] and more thoroughly studied in 3T6 cells in culture by WHEATLEY [35] . The occurrence of lysosomes in various stages of development is apparent in a variety of illustrations from previous studies of fibroblasts, and their increase in stationary culture has been reported [6] . Free ribosomes were common in the younger cells, in both dermatosparaxic and 3T6 cell cultures, as has been previously described for rapidly growing fibroblasts [8, 211.
Differences between 3T6 and Dermatosparaxic Cell Cultures
Although both cell lines contained essentially the same organelles, the dermatosparaxic cells demonstrated more frequent lipid droplets, extensive bundles of intracellular filaments, and more numerous cytoplasmic vesicles. Fig. 13 . An area of cytoplasm from a dermatosparaxic cell after 1 week in culture. A network of filaments (F) is scattered between the other organelles. Fig. 14. A dermatosparaxic cell after 1 week in culture. The nucleus (N) appears to be indented by a bundle of filaments (F). Nuclear pores (P) can be seen at the end of the depression. Fig. 15 . Cytoplasm of a dermatosparaxic cell after 1 week in culture. Large bundles of filaments (F) are present, and the other cytoplasmic organelles are distributed between them. Fig. 16 . Cell surfaces of two or three dermatosparaxic cells after 2 weeks in culture. Bundles of parallel filaments (F) are apparent in adjacent cells. At the left a process, possibly of a third cell, is interposed between the two cells. This process also contains filaments parallel to those in the adjacent cells. Fig. 17-19 The dermatosparaxic cells also produced a substantially greater amount of extracellular material than did 3T6 cultures. The morphology of dermatosparaxic cells indicated that they were more active protein synthesizing cells, since they commonly contained an extensive Golgi region, many dilated cisternae of rough endoplasmic reticulum and arrays of apparently secretory vesicles. On the other hand, they remained attached to the culture dishes longer, providing more time for collagen synthesis and accumulation. In any case, the extracellular collagen of the 3T6 cultures resembled normal mammalian collagen, whereas that in the dermatosparaxic cell cultures resembled the irregularly arranged and loosely packed fibrils previously demonstrated or described in calf dermatosparaxic skin [22, 301.
Mechanism of Secretion by Fibroblasts
There is general agreement that the morphologic evidence indicates synthesis of procollagen by the rough endoplasmic reticulum and its transient accumulation in dilated cisternae [21,23,25,27] . A quantitative autoradiographic study [29] demonstrated that the kinetics of accumulation of grains resulting from tritiated proline in the endoplasmic reticulum, Golgi zone, and extracellular material require a secretion mechanism that transports part of the extracellular material through the Golgi region, and part to the extracellular space by some route that does not include the Golgi region. The nature of this alternate secretory route is not yet clear. Researchers [16,28, 291 have suggested that cisternae of the endoplasmic reticulum can communicate directly with the cell surface. Ross and BENDITT [29] have also described chains of vesicles extending from the rough endoplasmic reticulum toward the cell surface. GOLDBERG and GREEN [8] did not detect endoplasmic reticulum communicating with the cell surface, but they were able to distinguish secretory vesicles, containing a relatively electron-dense material, from coated and more pale pinocytotic vesicles. Secretory vesicles have also been described fusing with the cell surface [ 11. Vesicles interpreted as pinocytotic in nature have been described by a number of investigators [I, 3,20, 26,271 . Although sectioned somewhat tangentially, a cell membrane appears to separate these two cells across the entire field. Fig. 19 . The periphery of a dermatosparaxic cell after 2 weeks in culture. Intracellular filaments (F) abut extracellular fibrils (Fi).
The vesicles described here may be secretory since they contain relatively dense material when free within the cytoplasm and appear to lose their contents when in continuity with the cell surface; however, other experimental evidence would be necessary to distinguish between pinocytotic and secretory vesicles. Although our observations do not clarify the origin of these vesicles (if secretory, they could be derived from the Golgi region or through degranulation of endoplasmic reticulum), they are extremely numerous and in various stages of fusion with the cell surface in dermatosparaxic cell fibroblasts. Since these fibroblasts accumulate a substantial amount of extracellular fibrillar material, it seems reasonable to assume that the vesicles are transporting procollagen, synthesized on the endoplasmic reticulum, to the cell surface.
Intracellular Filaments
Intracellular filaments were first described by KARRER [16] as resembling the filaments of smooth muscle. In retrospect, it seems possible that the 'primary fibrils', thought to be collagenous in nature and possibly lying in the surface cytoplasm of fibroblasts [14, 15, 25, 33, 36] , may have been intracellular filaments. More recent reports discuss the possibility that the orientation of extracellular fibrils, and possibly their assembly into fibers, may be influenced by the intracellular microfilaments [2, 7, 161 ; FERNANDO and MOVAT [7] have suggested that extracellular fibrils are continuous with intracellular filaments. Their observations were similar to those made in the present work ( fig. 19 ), which we interpret as suggestive but not conclusive. A conservative interpretation would be that the extracellular fibrils are oriented parallel to the intracellular filaments and that the cell surface between them is commonly indistinct in electron micrographs because it is sectioned obliquely. This configuration does, however, suggest the possibility of a role for the intracellular filaments in the positional organization of the extracellular fibrils.
CHAPMAN [3] and Ross and BENDITT [26] first described bundles of filaments within fibroblasts. The presence of such bundles was confirmed in several studies [7, 8, 20, 21] . CHAPMAN [3] noted that the bundles of filaments were rigid, displacing other cell organelles to maintain their straight course. Our observations that these bundles frequently crease the nuclear envelope supports this interpretation. HEAYSMAN and PERGRUM [ 121 have recently demonstrated cell-to-cell contacts between fibroblasts involving parallel bundles to filaments, similar to those described here ( fig. 17, 18) .
BUCKLEY and PORTER [2] have interpreted their micrographs as indicating that some of the filaments attach to the substrate upon which the fibroblasts are growing. This suggests a role for filaments in locomotion, which is substantiated by their contractile nature [lo, 17,241. PERDUE [24] also interprets some filaments as extending through the cell wall, and GULDNER et al. [lo] describe them terminating on the cell membrane.
There appears to be nothing conflicting in these various interpretations of the functions of filaments. Fibroblasts grown in culture, and probably those in connective tissues, move about on the substrates to which they are attached. Therefore, a contractile mechanism within the cell is not surprising [34] . The fact that filament bundles in adjacent cells are parallel suggests that they may be involved in cell orientation. The relationship between intracellular filaments and extracellular fibrils further suggests that the filaments may be involved in the orientation of the developing extracellular collagen fibrils and fibers. Orientation at these various levels of organization would provide a mechanism for relatively long-range, regular orientation of collagen fibrils, which is common in a variety of mammalian tissues, including tendons, ligaments, some fasciae, and the mineralized tissuesbone and dentin.
The potential functional significance of the unusual cytoplasm of dermatosparaxic cells is even more speculative. The indications of rapid collagen synthesis in these cells (numerous cytoplasmic vesicles and the accumulation of large amounts of extracellular collagen) may be a response to the inability of the secreted collagen to form mature fibrils, and thus contribute to the structural integrity of the tissue. If the collagen fibers of the normal tissue relieve stresses otherwise applied to the fibroblasts, the presence of large numbers of intercellular filaments in dermatosparaxic cells could be an extreme expression of the fibroblast mechanism for orienting cells and extracellular fibrils to resist the residual stresses resulting from poorly aggregated fibrils. Thus, much of the structure of cells might reflect a lack of control of morphogenesis normally expressed in the presence of mature, extracellular collagen fibers.
